Abstract. The major problem in the fruit juice industry is associated with juice quality deterioration due to the cloud loss of juice concentrates by the enzymatic reaction of pectinmethylesterase enzyme (PME, EC 3.1.1.11). During pectin hydrolysis, pectin and water are transformed into polygalacturonic acid (pectate) and methanol by the action of PME. In this work, a low-intensity ultrasonic technique is used to monitor this enzymatic reaction, with PME both from orange peel and from Aspergillus niger. Changes in sound velocity during pectin hydrolysis (1% concentration of pectin, T=30ºC and pH=4.5 and 7) with 0.25 ml of enzyme solution (PME) have been measured using a through-transmission technique. Sound velocity decreases as pectin is transformed into pectate and methanol and at the end of the process, the change in sound velocity reaches 0.3 m/s with PME from orange peel and 0.33 m/s with PME from Aspergillus niger.
Introduction
Pectinases are one of the most important groups of enzymes used in fruit and vegetable industry. One of the main problems in the fruit juice industry is the maintenance of juice turbidity. It is accepted that cloud loss is initiated by the enzymatic reaction of pectinesterase, which demethylates pectin [1] . Cloud stability is a critical orange juice quality parameter imparting characteristic flavor, color, texture and aroma. It is attributed to the suspension of particles composed of a complex mixture of protein, pectin, lipids, hemicellulose, cellulose and other minor components [2] . Pectinmethylesterase (PME, EC 3.1.1.11) is the first enzyme acting on pectin, a major component of plant cell wall. PME catalyzes the hydrolysis of the methyl esters of pectin to yield polygalacturonic acid (pectate) and methanol.
Pectinmethylesterase enzyme can be obtained from orange peel and also from Aspergillus niger. In several works, the pectin hydrolysis has been characterized by measuring the methanol concentration released by the action of PME activity, by spectrophotometric and electrophoretic methods [3] , [4] .
Ultrasonic techniques are finding increasing use in the food industry for the analysis of foods, providing information about physicochemical properties, such as composition, structure, physical state and flow rate. There are a number of reasons for the current interest on ultrasound: the food industry is becoming increasingly aware of the importance of developing new analytical techniques to study food materials and to monitor properties of food during processing for fully automating producing chains, rapid and precise measurements can be made by this technique which is non destructive, non invasive and can easily be adapted for on-line applications. In addition it can be used to analyze systems that are optically opaque and the rapid advances in microelectronics have led to the development of relatively inexpensive ultrasonic instrumentation that is now commercially available [5] . The objective of this work was to characterize on-line the pectin hydrolysis catalyzed by pectinmethylesterase enzyme from orange peel and from Aspergillius niger, using an ultrasonic measurement device based on the propagation of low-intensity pulsed ultrasonic waves developed to monitor biological process [6] . Although, there are lots of researches on pectin hydrolysis, no published data have been found in the literature on ultrasonic techniques to characterize on-line this process.
Material and Methods

Samples
Enzyme solution: pectinmethylesterase purified from orange peel (EC 3.1.1.11, P5400, Sigma-Aldrich Quimica SA) was purchased as a 7.81 mg of lyophilized power with 129 units /mg of solid (One unit was defined by Sigma as the release of 1 µequiv of acid from pectin within 1 min at a pH of 7.5 and a temperature of 30ºC). The enzyme solution was prepared with the mixture of 1 mg/ml (was weighed in a digital balance COBOS with a precision of ± 0.01mg) in 1.7 M Sodium Chloride solution (pH 7). The mixture was dissolved with a magnetic stirrer (COBOS Precision) during 10 hours. PME from Aspergillus niger (RAPIDASE FP SUPER, 20 kg drum) was a liquid preparation with ≥ 900 units/g for food use containing PME.
Pectin solution: pectin from citrus peel (galacturonic acid ≥ 74% P9135, Sigma-Aldrich Quimica SA) and Sodium Chloride was added to distilled and degassed water to prepare 1% (w/v) solution with different pH (4.5 and 7) and 10% (w/v) solution of pectin. A magnetic stirrer was used to dissolve the solutions during 2 hours. After that, the solutions were degassed.
Buffer pH=7: 1.2g of NaOH (Sigma-Aldrich, USA) and 6.81g of KH 2 PO 4 (Sigma-Aldrich, USA) were added to 300mL of distilled water. 291 mL of this solution were added to distilled water up to 1L. Buffer pH=4.5: 13.6 g of KH 2 PO 4 were added to 1 L of distilled water.
Experimental set up
Measurements of time of flight (TOF) along the pectin hydrolysis as a function of time were carried out by using the ultrasonic device developed and described in depth by [6] . The device consisted in a four-channel unit formed by four measurement cells; two in each climatic chamber (A and B, respectively). At the bottom of each cell there is an IKA mini MR Standard magnetic stirrer to homogenize the liquid samples. Thermal control is achieved by means of the temperature sensors and actuators driven by PID controllers. A through-transmission measurement set-up was incorporated to the system. Transducers consist of three PZT piezoceramic plates (PZ27, Ferroperm, Denmark) designed and constructed to emit and to receive ultrasonic waves. The software to control the measurement process was implemented using LabVIEW (National Instruments).
Commercial 125 ml glass bottles were used as sample containers. These bottles were placed inside the four measurement cells. The transducers were put on the opposite sides of the bottle and pressurecoupled through silicone layers.
The pH of the solution samples were measured with a pH-meter (HI-223, Hanna Instruments) equipped with a HI-1131P refillable electrode (resolution ±0.01pH).
Pectin hydrolysis
Two glass bottles were filled with 1% (w/v) pectin solution and pH =4.5 and placed in the cells of chamber A, and two bottles were filled with 1% pectin solution and pH=7 and placed in the cells of chamber B, both chambers at 30ºC. When temperature was stabilized 0.25 ml of PME from Aspergillus niger (225 U) were introduced in each bottle of the pectin solution placed inside chamber A and 0.25 ml of PME from orange peel (0.3 U) were introduced in each bottle of the pectin solution inside chamber B. The variation of TOF due to pectin hydrolysis by the action of the PME was registered and recorded continuously along the whole process. 
Results and discussion
From variation of time of flight (∆τ, ns), sound velocity (c, m/s) can be calculated from [7] :
where d (m) is the distance travelled by the ultrasonic pulses through the liquid and c 0 (m/s) is the sound velocity of water at 30ºC. Figures 1 and 2 show the change in the sound velocity during hydrolysis due to the action of the PME from orange peel and from Aspergillius niger, respectively. Figure 2 . Pectin hydrolysis by the action of PME from Aspergillus niger in a buffer of pH=4.5 at 30ºC. Figure 1 shows that after 8 hours the change of TOF in pectin hydrolysis by the action of PME from orange peel was stabilized. The change in sound velocity was 0.28 m/s for 4 MHz and 0.30 m/s for 9 MHz. In figure 2 , pectin hydrolysis by the action of PME from Aspergillus niger was faster, around 30 minutes. This was expected, since there was more amount of enzyme (225 U). The change There is no detectable sound speed dispersion for the frequencies used (4 MHz and 9 MHz) as the difference measured between them (±0.02 m/s) are below the device stability (±0.03 m/s). Whatever the origin of the PME enzyme is, a similar amount of pectin has been hydrolysed.
Conclusions
A device based on the analysis of ultrasonic waves propagating through a liquid was successfully used to characterize the pectin hydrolysis catalyzed by pectinmethylesterase enzyme. The process has been monitored on line, and a variation in time of flight has been obtained due to the hydrolysis reaction. This is an innovative method to characterize on line the pectin hydrolysis, which is relevant for the food industry due to the importance of the pectinmethylesterase enzyme in fruits and juices. It has been demonstrated that the change in sound velocity at the beginning and at the end of the pectin hydrolysis was 0.3 m/s.
The results obtained would be used in future works, to analyze on line the inactivation of the pectinmethylesterase enzyme by this continuous method.
